Context. The BEER algorithm searches stellar light curves for the BEaming, Ellipsoidal, and Reflection photometric modulations that are caused by a short-period companion. These three effects are typically of very low amplitude and can mainly be detected in light curves from space-based photometers. Unlike eclipsing binaries, these effects are not limited to edge-on inclinations. Aims. Applying the algorithm to wide-field photometric surveys such as CoRoT and Kepler offers an opportunity to better understand the statistical properties of short-period binaries. It also widens the window for detecting intrinsically rare systems, such as shortperiod brown-dwarf and massive-planetary companions to main-sequence stars. Methods. Applying the search to the first five long-run center CoRoT fields, we identified 481 non-eclipsing candidates with periodic flux amplitudes of 0.5-87 mmag. Optimizing the Anglo-Australian-Telescope pointing coordinates and the AAOmega fiberallocations with dedicated softwares, we acquired six spectra for 231 candidates and seven spectra for another 50 candidates in a seven-night campaign. Analysis of the red-arm AAOmega spectra, which covered the range of 8342-8842 Å, yielded a radial-velocity precision of ∼ 1 km/s. Spectra containing lines of more than one star were analyzed with the two-dimensional correlation algorithm TODCOR. Results. The measured radial velocities confirmed the binarity of seventy of the BEER candidates-45 single-line binaries, 18 doubleline binaries, and 7 diluted binaries. We show that red giants introduce a major source of false candidates and demonstrate a way to improve BEER's performance in extracting higher fidelity samples from future searches of CoRoT light curves. The periods of the confirmed binaries span a range of 0.3-10 days and show a rise in the number of binaries per ∆logP toward longer periods. The estimated mass ratios of the double-line binaries and the mass ratios assigned to the single-line binaries, assuming an isotropic inclination distribution, span a range of 0.03-1. On the low-mass end, we have detected two brown-dwarf candidates on a ∼ 1 day period orbit. Conclusions. This is the first time non-eclipsing beaming binaries are detected in CoRoT data, and we estimate that ∼ 300 such binaries can be detected in the CoRoT long-run light curves.
Introduction
The space-based photometric surveys CoRoT (Rouan et al. 1998; Baglin 2003) and Kepler (Borucki et al. 2010) were designed mainly to detect minute exoplanetary transits. Each of these missions has provided over 160, 000 continuous stellar light curves with time-spans of tens to hundreds of days and a photometric precision of 10 −3 -10 −4 per measurement (Auvergne et al. 2009; Koch et al. 2010 ). Hundreds of transiting planets were indeed detected (e.g., Moutou et al. 2013; Rowe et al. 2014) , but the unprecedented quality of the light curves also enabled the detection of other flux variations of astrophysical origins. One such variation is the relativistic beaming effect. Rybicki & Lightman (1979) showed that several factors contribute to the beaming effect, which increase (decrease) the observed brightness of any approaching (receding) light source by ∼ |4v R /c|, where v R is the radial velocity (RV) of the source and c is the speed of light. Thus, for short-period (1-10 days) browndwarfs (BDs) or massive planetary companions (M p sin i 5M J ) of solar-like stars, the beaming amplitudes are in the range of 10 −4 -10 −5 . Loeb & Gaudi (2003) have predicted that Kepler's photometric precision would be sufficient to detect such companions. For stellar binaries with typical RV semi-amplitudes of 10 − 100 km s −1 , the beaming amplitudes are in the range of 10 −3 -10 −4 . For this reason, Zucker, Mazeh, & Alexander (2007) have predicted that CoRoT and Kepler will also detect hundreds of non-eclipsing binaries of this type, and create a new observational category: beaming binaries.
Soon after the first Kepler light curves became available, several studies measured the beaming effect of a few eclipsing binaries (EBs) detected by Kepler (e.g., van Kerkwijk et al. 2010; Carter et al. 2011) . However, as mentioned by Loeb & Gaudi (2003) and by Zucker, Mazeh, & Alexander (2007) , for shortperiod binaries and planets, the amplitude of the beaming effect might be comparable to (or even smaller than) another two photometric effects-the ellipsoidal and the reflection light variations. The ellipsoidal variation is caused by tidal interactions between the two components of the binary (e.g., Morris 1985; Mazeh 2008) . The reflection variation is caused by the brightness difference between the 'day' side and the 'night' side of each component (e.g., Wilson 1990; Harrison et al. 2003) . By accounting for the three effects, several studies succeeded to detect the weak beaming effect caused by a transiting BD or even a transiting massive planet in CoRoT and Kepler light curves (e.g., Mazeh & Faigler 2010; Shporer et al. 2011; Mazeh et al. 2012; Jackson et al. 2012; Mislis et al. 2012) .
To find non-eclipsing short-period beaming binaries, Faigler & Mazeh (2011) introduced the BEER algorithm, which searches light curves for a combination of the three photometric effects caused by a short-period companion-the BEaming, Ellipsoidal, and Reflection periodic modulations. BEER approximates each of the three effects by a sine/cosine function relative to phase zero taken at the time of conjunction-when the lighter component is in front of the heavier one. The reflection and the beaming effects can then be approximated by cosine and sine functions with the orbital period, respectively, while the ellipsoidal effect can be approximated by a cosine function with half the orbital period.
Detection of BEER-like modulations in a stellar light curve does not yet prove the binary nature of the star, since sinusoidal flux modulations could be produced by other effects as well (e.g., Aigrain et al. 2004) . To confirm BEER detections, one needs to perform RV follow-up observations (Faigler & Mazeh 2011) . The first RV confirmation of non-eclipsing beaming binaries was reported by Faigler et al. (2012) . Candidate binaries for that study were detected with BEER in Q0-Q2 Kepler light curves, and seven of them were confirmed using RV measurements.
Paper I of the current series (Faigler et al. 2013) reported the discovery of Kepler-76b-the first hot Jupiter discovered with BEER. In Paper II, Faigler & Mazeh (2015) showed evidence for equatorial superrotation of three hot Jupiters measured by Kepler-KOI-13, In this paper we present RV confirmation of seventy new beaming binaries found by BEER in CoRoT light curves. The targets were selected from the first five long-run center CoRoT fields and were confirmed using the AAOmega multi-object spectrograph (Lewis et al. 2002) . Section 2 presents the BEER search applied to the CoRoT light curves, Sect. 3 describes the spectroscopic follow-up observations, Sect. 4 details the spectral analysis and derivation of RVs from the spectra, Sect. 5 explains the orbital solutions performed and the statistical methods applied to separate true BEER binaries from false detections, Sect. 6 discusses the use of the findings to evaluate the BEER algorithm performance, Sect. 7 focuses on the mass ratio and orbitalperiod distributions of the new binaries, and Sect. 8 summarizes the findings.
BEER photometric search for binaries
To detect beaming-binary candidates, we analyzed the ∼ 40, 000 white light curves of the CoRoT fields LRc01, LRc02, LRc03, LRc04, and LRc05. We did not use the red, green, or blue light curves of targets having chromatic information (e.g., Aigrain et al. 2008; Deleuil et al. 2011) due to their lower signalto-noise ratio (S/N).
The light curve analysis consisted of several steps. First, oversampled light curves (Surace et al. 2008) were rebinned to 512 s. Then, we corrected for jumps in all light curves. Jumps were identified by calculating a median filter to each light curve and detecting outliers in its derivative. The correction was made by subtracting the median filter from the light curve around the identified jump epoch. A cosine-transform-based detrending and 4σ outliers removal were then performed using ROBUSTFIT (Holland & Welsch 1977) . Next, a fast Fourier-transform (FFT) -based power spectrum (PS) was calculated for each light curve, and the five most prominent peaks were identified and analyzed following Faigler et al. (2013) . As detailed there, for each of the five peaks we derived the BEER amplitudes and the estimated mass and albedo of the presumed companion by fitting the amplitudes with a BEER model, assuming that the orbit is circular and the peak corresponds to either the orbital period or half the orbital period. Hence, for each light curve we evaluated ten possible orbital periods.
After fitting a circular BEER model to each light curve at each of its suspected periods, we assigned each fit a score in the 0-1 range, with 1 being the best. The score of each fit was calculated as
where S BEER S/N is the BEER model S/N score, S min S/N is the score of the minimum S/N of the two BEER harmonics, S χ 2 is the fit χ 2 score, S sin i is the score of the model-derived sin i, and S albedo is the score of the model-derived geometric albedo. Each of these partial scores is the result of a dedicated scoring function that gives a score in the range of 0-1 for its associated parameter. The scoring functions we used were
where C BEER S/N , C min S/N , C χ 2 , C sin i , C alb m , and C alb s are constants that calibrate the behavior of the scoring functions. The most likely orbital period of each light curve was selected as the period with the highest total score S Total out of its ten evaluated periods.
As an illustration, Figs. 1 and 2 show the light curve analysis of CoRoT 105962436 and CoRoT 104674562, respectively. We present 70-day-long parts of the original and detrended light curves, the entire light curve power spectra, and the entire phasefolded and binned light curves, with the best-fit BEER models superposed. We note that the most prominent peak in Fig. 1 at 1.11 day −1 is caused by the ellipsoidal effect, whose frequency is twice the orbital frequency (i.e., the predicted orbital period is 1.8 days). Figure 2 shows that the BEER modulation of CoRoT 104674562 at a period of 4.6 days is almost buried in the noise, and from the PS it seems that the modulation at ∼ 20.4 days is more evident. Nevertheless, thanks to its period-selection process, BEER found the correct orbital period in this case as well (as we show in Sect. 5).
After the score assignment and the best-period selection, we visually inspected the 200 highest score candidates of each field and assigned priorities of 1-3 to targets that we deemed viable binary candidates, with priority 1 assigned to the best candidates. These priorities were assigned through visual inspection of the photometric power spectrum, the goodness-of-fit of the BEER model, the correlation structure of the time-domain residuals, and other target specific features. Naturally, the visual inspection method and the resulting target priorities are subjective and prone to human bias and errors, but we nevertheless used it for lack of a better software-based method at this stage. In this way, we selected a total of 481 candidates for RV follow-up from all five fields. The assigned priorities of these candidates were later used by the AAOmega fiber-allocation software to prioritize between them in cases of conflict. The selected candidates span a range of 0.1-17 days in predicted orbital periods and of 0.3-87 mmag in photometric amplitudes. As we show below, the confirmed candidates span somewhat narrower ranges of 0.3-10 days in orbital period and of 0.5-87 mmag in photometric amplitudes.
AAOmega follow-up observations
We performed RV follow-up observations with the AAOmega multi-object spectrograph (e.g., Lewis et al. 2002; Smith et al. 2004; Saunders et al. 2004 ) at the Anglo-Australian Telescope (AAT). The AAOmega two-degree field of view, its threemagnitudes dynamic range, and its ability to simultaneously record up to 392 spectra are ideal for our purpose. These features enabled us to observe the majority of BEER candidates in each of the CoRoT fields in a single pointing. We used the AAOmega software CONFIGURE (e.g., Lewis et al. 2002; Miszalski et al. 2006) 1 to optimize the pointing and fibre allocation. Table 1 lists for each field the selected pointing ephemeris, the number of BEER targets observed, and the total number of science targets observed. The observed stars span the range of 12.5-16 in V magnitude.
In total, we observed 281 out of the 481 selected BEER candidates. Most of the candidates that were selected for follow-up but were not observed are from the LRc01 and LRc02 fields. These two fields were observed by CoRoT with two 1.4
• × 1.4
• detectors, as opposed to the LRc03, LRc04, and LRc05 fields that were observed by CoRoT with only one such detector (Moutou et al. 2013) . Nevertheless, to maximize the number of priority 1 candidates observed each night, we used only one pointing per field. Table 2 lists the coordinates, magnitudes, photometric ephemeris, and amplitudes of the three BEER effects for the candidates observed with AAOmega. For convenience, the confirmed binaries are indicated in the rightmost column of Table 2 . To make the best use of available observing resources, we also observed several hundred CoRoT EBs. In this paper, however, we report only on observing non-eclipsing BEER candidates and on confirming seventy of them. We leave the EBs spectra analysis to a separate paper. The observations took place on seven consecutive nights, starting on August 02, 2012. Between two and five fields were observed each night, depending on the available time and weather conditions. We acquired six spectra for 231 candidates and seven spectra for another 50 candidates in a seven-night AAOmega campaign. Table 3 lists for each field the heliocentric Julian dates (HJDs) of mid-exposure, calculated for the mean ephemeris presented in Table 1 .
We used the 1700D grating on the red arm since it was reported to give good RV precision (e.g., Lane et al. 2011) . We used the 1700B grating on the blue arm since it covers several Balmer lines and also enables RV measurements of hot stars. The nominal spectral coverage is 8342-8842 Å on the red arm and 3803-4489 Å on the blue arm, but the actual coverage is smaller by up to ∼ 60 Å and is different for different fibers, depending on their position on the detector. Observations and data reduction were performed similarly to previously reported works (see e.g., Sebastian et al. 2012) . In short, the observing sequence at each new pointing usually consisted of a flat and two arc frames followed by three or two exposures of 20 or 30 minutes, respectively.
Data reduction used the dedicated software 2DFDR (Taylor et al. 1996) 2 . The spectrum from each fiber and each subexposure was first normalized by its flat and was wavelength calibrated using the arc frames, rebinning the data onto the same linear wavelength scale to facilitate combining the subexposures. The throughput of each fiber in each subexposure was calculated using sky emission lines. An average sky spectrum was subtracted from the data using dedicated sky fibres. Finally, the subexposures were combined to give a single calibrated 60-minute exposure, weighting each subexposure by its flux level and rejecting cosmic ray hits.
Most of the exposures were made under bright sky, so the sky subtraction procedure left some residuals of telluric emission lines in the spectra. In addition, a few pixels in each spectrum were affected by bad columns of the detector. We replaced the values of the telluric-line residuals and the bad pixels with a smoothed version of the same spectrum, which was calculated using a moving median filter, 21-pixel wide. Additional 6σ outliers were later replaced the same way.
Spectral analysis

Non-composite spectra analysis
To derive the most precise RVs, we first searched for an optimal theoretical template spectrum for each candidate by maximizing the cross-correlation values between the candidate's observed spectra and a set of synthetic Phoenix spectra (Hauschildt et al. 1999) , calculated on a grid of effective temperature (T eff ), surface gravity (log g), and metallicity ([m/H]). Line broadening due to the projected rotational velocity was added to each synthetic spectrum by convolving it with a rotational profile G(ν) (e.g., Santerne et al. 2012; Gray 2005) . To account for the instrumental broadening of the lines, each synthetic spectrum was also convolved with a Gaussian of σ = 20.5 km s −1 . Figures 3 and 4 illustrate the data and the optimization process. Figure 3 shows co-added AAOmega spectra and crosscorrelation functions (CCFs) of four slowly rotating candidates (rotational broadening 20 km s −1 ), which have different T eff values and non-composite spectra. The narrow metal lines weaken and wide hydrogen lines become stronger with increasing T eff . Accordingly, the CCF peaks of cool stars (T eff 2 Available at http://www.aao.gov.au/science/software/2dfdr. squares of the maximum-CCF values as weights. Surface gravity, metallicity, and projected rotational velocity were estimated for each candidate the same way. For each candidate, the nearest synthetic spectrum to its estimated spectral parameters was chosen as its best template.
The analysis, including RV derivation and orbital solutions, was independently performed both for the red-arm and blue-arm spectra. However, the results presented from this point onward are based on the red-arm spectra alone, since we generally found them to have better S/N and stability than the blue-arm spectra. For instance, Fig. 3 shows that the blue-arm CCF peaks are wider and lower than the red-arm CCF peaks of the same stars. This is partially due to the lower resolution and lower S/N of bluearm spectra. Red-arm spectra thus provided better RV precision than blue-arm spectra, even for the hottest stars in the sample (T eff 8000 K).
After optimizing the templates, we derived RVs and errors from each spectrum by calculating the CCF with the best template. At this stage, we carefully inspected the CCFs, looking for a signature of a secondary star, and identified 26 stars that present composite spectra (i.e., spectra containing lines of more than one star). Table 4 lists the 255 non-composite spectrum candidates observed and the template parameters used to derive their RVs. For convenience, the rightmost column identifies the confirmed BEER single-line binaries (SB1s), 45 of which were identified in that list (as explained in Sect. 5). The measured RVs of all non-composite spectrum candidates are given in machinereadable form at ftp://wise-ftp.tau.ac.il/pub/corotAAO.
Composite spectra analysis
Composite spectra were analyzed with TODCOR )-the twodimensional correlation algorithm. The templates were optimized in several steps. First, we searched for the best primary template (i.e., the template for the more luminous component in the spectrum) similarly to the search performed for non-composite spectra. By inspecting the CCFs and the derived RVs, we then identified for each candidate the exposures made at times when the separation between the primary and secondary sets of lines was relatively large. Using only these exposure subsets, we optimized the primary-and secondarytemplate T eff and rotational broadening, also optimizing the flux ratio between the primary and the secondary components (TODCOR's α parameter). Metallicity and log g of the secondary template (i.e., the template for the less luminous component in the spectrum) for each candidate were fixed assuming the secondary is a dwarf (log g = 4.5) with the same metallicity as its primary. TODCOR two-dimensional correlation function for that spectrum, using the templates whose parameters are specified in Table  5 . Colored solid lines connect points of equal correlation. The black dashed lines run through the two-dimensional correlation peak parallel to the primary and secondary RV axes. Bottom panel: primary and secondary cuts through the two-dimensional correlation peak.
After optimizing the templates, we used TODCOR to derive the primary and secondary RVs and errors from each spectrum, fixing α to its best value. As an illustration, Fig. 5 shows a spectrum and the TODCOR plots for one of the AAOmega exposures of CoRoT 105962436-probably an A5V-G0V double-line binary (SB2) with α ∼ 0.25. The splitting of the Ca II lines can be seen in the upper panel. The middle panel shows the corresponding TODCOR two-dimensional correlation function. The lower panel of the figure shows the primary and secondary cuts through the two-dimensional correlation function, which run through the two-dimensional correlation peak parallel to the primary and secondary RV axes . The correlation in the secondary cut drops only by ∼ 0.03 when moving away from the peak because we changed the velocity of the secondary template, which only contributes ∼ 25% of the light, and the primary velocity was kept at its best value. Nevertheless, the secondary peak is prominent, which means that the RV of the secondary star can be measured despite the broad hydrogen lines of the primary and the relatively low flux ratio. Table 5 lists the template parameters and α values used for the composite-spectrum BEER candidates. We only use the nomenclature 'A' and 'B' (both here and later in Table 8 ) to denote the more and less luminous components, respectively. The measured RVs and errors of both components are given in machine-readable form at ftp://wise-ftp.tau.ac.il/pub/corotAAO. 
Orbital solutions
Confirming BEER binaries with non-composite spectra
To separate true BEER binaries from false detections (which we call false alarms for simplicity, or FAs), and to derive the orbital parameters of the true BEER SB1s, we fitted the derived RVs of non-composite spectrum candidates with a circular Keplerian model. We calculated two χ 2 statistics-χ 2 null and χ 2 orb , for the null hypothesis (constant RV star) and for the circular orbital solution, respectively. We took the BEER period and phase as priors by treating them as additional measurements, meaning that their squares of residuals, scaled by their error estimates, were added to χ 2 orb in the search for the best fit. For the best-fit orbital parameters we also calculated the following F-statistic:
where DOF null and DOF orb are the numbers of degrees of freedom of the null hypothesis and the orbital solution, respectively. Since the only free parameter of the null hypothesis is an RV offset, DOF null = N RV − 1, where N RV is the number of RV points. For the orbital solution DOF orb = N RV + 2 − p orb , where p orb is the number of free parameters of the orbital solution, since we treated the BEER period and phase as additional measurements. For a circular orbit p orb = 4. To obtain a good distinction between true BEER SB1s and FAs, we used both the χ 2 null -test and the F-test. The χ 2 null -test was used first to screen all candidates that showed no significant RV variability within the observing run. Then the F-test was applied to candidates that passed the χ 2 null -test to check the compatibility of their RVs with a circular Keplerian model at the BEERpredicted period and phase. Only candidates that passed both tests were considered as confirmed BEER SB1s.
After visual inspection of the results, particularly of a few borderline cases, we chose the critical p-values to be 10 −6 and 0.003 for the χ 2 null -and F-tests, respectively. As a consequence, 54 out of the 255 non-composite spectrum candidates passed the χ 2 null -test, and 45 of them also passed the F-test and were classified as confirmed BEER SB1s. The nine candidates that passed the χ 2 null -test but not the F-test might be true variables at a different orbital period, or their spectra suffer from some systematics causing RV outliers.
Another possible reason for a true BEER binary to fail our Ftest is an eccentric orbit. Therefore, we also fitted each RV curve with an eccentric Keplerian model, for which p orb = 6. The fact we have only 6-7 RV points for most of our candidates makes the DOF orb of an eccentric solution as small as 2-3. Since an F-test fails at such a low number of DOF, we required a p-value improvement of at least a factor of 10 to prefer the eccentric solution over the circular one. None of the candidates fulfilled this requirement, meaning we could not find significant eccentricity in any of the confirmed SB1s. Figure 6 shows (on a log-scale) p-value histograms of the χ 2 null -and F-statistics for the 255 non-composite spectrum BEER candidates. The solid black lines represent the expected p-value distributions for RV measurements of constant-RV stars normally distributed for each star around its RV. The expected and observed histograms agree fairly well, particularly for the χ 2 nullstatistics. The dashed black lines mark the critical values that were chosen to separate possible BEER SB1s from FAs. Only candidates found to the left of the lines in both plots were considered as confirmed BEER SB1s. Table 6 lists the orbital parameters of the confirmed BEER SB1s. Figure 12 shows their measured AAOmega RVs and the best-fit circular Keplerian model. Their orbital periods span a range of 0.4-10 days, and their RV semi-amplitudes span a range of 6-115 km s −1 . Two of the confirmed BEER SB1s with the smallest RV semi-amplitudes are CoRoT 105659320 and 101044188-possibly two BDs on a ∼ 1 -day period orbit around F-G stars.
Confirming BEER binaries with composite spectra
There are three possible scenarios for a composite-spectrum candidate.
(1) The two components in the candidate's spectra belong to the primary and secondary stars in a short-period SB2 at the BEER-predicted period and phase. (2) One of the components belongs to a binary at the BEER-predicted period and phase, while the other component belongs to another star, either bound or unbound to the binary (i.e., a diluted BEER binary). (3) Neither of the components belongs to the BEER-predicted binary. We classified a composite-spectrum BEER candidate as confirmed if the RVs of at least one of its components was compatible with a Keplerian model at the BEER-predicted period and phase.
To assign the correct scenario to each composite-spectrum candidate and (in case of a true BEER binary) to derive its orbital parameters, we separately fitted a circular Keplerian model to its primary and secondary RVs and also calculated the p-value of the F-test in Equation 7. Candidates in which both component's SB1-model got a p-value < 0.001 were considered as confirmed BEER SB2s. If the SB1 model of only one of the components got a p-value < 0.001, the candidate was considered as a diluted BEER binary. If both component's SB1-model got a p-value > 0.001, we considered the candidate as an FA. Similarly to noncomposite spectrum candidates, the selected critical p-value of 0.001 originates in a visual inspection of the results, particularly of a few borderline cases.
In our sample of 26 composite-spectrum candidates we found 18 BEER SB2s, 7 diluted BEER binaries, and one FA (CoRoT 310186704). For the confirmed BEER SB2s we then also fitted circular SB2 Keplerian model for the two sets of RVs together. Together with the 45 confirmed BEER SB1s, we have thus confirmed 70 new non-eclipsing BEER binaries.
In addition to a circular model, we also fitted each RV curve with an eccentric Keplerian model. Requiring an improvement of a factor 10 in the F-test p-value, we found no SB2s that show measurable eccentricity. We found two diluted-binary candidates (104626523 A and 103833966 A) to have slightly eccentric orbits. However, the low eccentricities (∼ 0.3) found for these two cases might also be spurious or at least inflated (e.g., Lucy & Sweeney 1971). The preference for an eccentric orbital solution might also be a result of systematic RV errors caused by the presence of the second component in the spectra. Figure 13 shows the measured AAOmega RVs and the bestfit Keplerian models of the confirmed BEER SB2s listed in Table  7 . Figure 14 shows the measured AAOmega RVs and the best-fit Keplerian models of the variable components in the confirmed BEER diluted binaries listed in Table 8 . Figure 15 shows the phase-folded and binned light curves of all 70 confirmed BEER binaries, together with the best-fit circular BEER model. For convenience, the order of the plots in Fig.  15 is the same as in Figs. 12-14.
Performance of the BEER search algorithm
We are now in a position to evaluate the performance of the BEER algorithm in detecting short-period binaries in the light curves of CoRoT long runs. This is possible in view of the large sample of confirmations and FAs that are reported here.
BEER-model priority, M 2 sin i, and period
We start by considering the priority classes that we manually assigned to candidates during the visual inspection stage. The left-hand side of Table 9 lists the number of binary confirmations and FAs per priority class within our sample. As expected, BEER did not perform that well with its priority 3 candidates. They were not considered to be good candidates in the first place and were included in the observational campaign only due to the availability of fibers on the AAOmega spectrograph. Therefore, we decided to ignore priority 3 candidates in our performance analysis, and only concentrated on priority 1 and 2 candidates.
Two other parameters that determine the success of the BEER detection are the secondary mass and the orbital period because the BEER amplitudes mostly depend on these two parameters (Faigler & Mazeh 2011 ). We therefore plot in Fig. 7 the BEER-model M 2 sin i as a function of the photometric period for priority 1 and 2 targets. As expected, shorter-period modulations with larger BEER-model M 2 sin i have higher chances of being true BEER modulations than FAs. For instance, there are no confirmations with BEER-model M 2 sin i < 0.25M ⊙ . The vertical dashed line in Fig. 7 marks P = 1.4 days, and it is explained next.
From this stage onward we continue the performance analysis while ignoring all targets with BEER-model M 2 sin i < 0.25M ⊙ . The summary of the remaining targets as a function of their priority is listed in the central columns of Table 9 .
Spectral type
Another parameter that can influence the success of the BEER detection is the candidate's spectral type. To check this option, we plot in Fig. 8 the BEER score as a function of the spectral type for priority 1 and 2 candidates with BEER-model M 2 sin i > 0.25M ⊙ . The spectral type is taken from EXODAT 3 , and it was obtained using the SED analysis described by Deleuil et al. (2009) . The advantage of using EXODAT is its availability re- gardless of any follow-up observations. Fig. 8 shows that there is a larger fraction of FAs for late-type candidates than for earlytype candidates. Particularly if we draw a line at a spectral type of G7 (T eff ∼ 5600 K), we find that the fraction of FAs is ∼ 54% (69/128) to the left of that line and ∼ 77% (20/26) to the right of that line.
In Fig. 7 we also mark with open circles candidates of spectral type later than G7. A close examination of these cool candidates, with BEER-model M 2 sin i > 0.25M ⊙ , reveals that the confirmed binaries differ from the FAs in yet another way. By drawing a line at P = 1.4 days, we find most of the cool FAs (18/20) to the right of that line, and most of the confirmed cool binaries (5/6) to the left of that line.
To explain this phenomenon, we plot in Fig. 9 the spectral parameters of the observed candidates, which were derived in Sect. 4. Since spectral type is a proxy of T eff , we place T eff at the abscissa. Similarly to Fig. 8 , there is an excess of cool FAs (T eff 5600 K), with just a few confirmed binaries in that temperature regime. In addition, cool FAs seem to constitute a distinct sample of slowly rotating stars with lower gravity and lower metallicity. Even though our spectral-parameter measurement technique is prone to systematic biases (e.g., Torres et al. 2012) , such a strong bimodality suggests that most cool FAs are possibly red giant stars.
We propose that the main reason that red giants introduce false candidates with photometric periods of 1.4 day is related to solar-like oscillations. Using Kepler data, Mosser et al. (2013) have shown that solar-like oscillations of 1-2 M ⊙ red giants have frequencies of 1-10 µHz (periods of 1.2-12 days), amplitudes (A max ) of 0.1-1 mmag, and that the amplitude increases with the period as a power law. For BEER binaries, the photometric amplitude decreases with the period (Zucker, Mazeh, & Alexander 2007) . However, it appears that for periods of about 1-10 days, these two phenomena might have similar photometric amplitudes. A large fraction of the stars observed by CoRoT are indeed giants, particularly in the CoRoT-center fields (e.g., Deleuil et al. 2009; Gazzano et al. 2010) . Although solar-like oscillations are semi-regular in nature, given the typical length and S/N of long-run CoRoT data, BEER might have interpreted the variability of some red giants as an indication for the presence of a short-period companion.
To check whether filtering out red candidates with periods of > 1.4 days improves BEER's performance, we list in the righthand side of Table 9 the number of binary confirmations and FAs per priority class, after removing candidates with BEERmodel M 2 sin i < 0.25M ⊙ , and also candidates of spectral type later than G7 with photometric periods of > 1.4 days. These two filters applied to the candidate list lowers the fraction of FAs to ∼ 1/3 for priority 1 candidates, and to ∼ 2/3 for priority 2 candidates. Table 9 ). The plot was truncated at a score threshold of 0.85 since only 8 candidates got a higher score.
BEER-model score
To evaluate the BEER performance as a function of its score, we counted the targets with scores higher than some threshold T and obtained the detection probability P D (T ) and the false-alarm probability P FA (T ) of the algorithm as 
To illustrate the algorithm performance, Fig. 10 plots P D and P FA as a function of T for two sets of targets-the whole sample of 281 candidates observed, and the remaining 135 candidates, after filtering out priority 3 candidates, candidates with BEERmodel M 2 sin i < 0.25M ⊙ , and candidates of spectral type later than G7 with photometric periods of > 1.4 day. The addition of these three filters lowers P FA and raises P D for any given T, hence improves the algorithm performance.
Estimating the two probabilities for any selected threshold level might be useful in estimating the results of future CoRoTbased BEER searches. If such a search would yield N targets with scores higher than some predefined threshold T, then using the P D and P FA that correspond to T, we expect to have
N FA = NP FA , and (11) 
where N C is the number of expected confirmations within the N candidates, N FA is the number of expected FAs within the N candidates, and N CC is the estimated number of binaries that can be discovered by BEER in the original sample of CoRoT targets. For instance, using the solid lines in Fig. 10 , for T = 0.6 we get P FA ∼ 1/3 and P D ∼ 1/2. This means that, for T = 0.6, we expect about two thirds of the selected sample to be true BEER binaries and the total number of BEER binaries in the original sample of CoRoT targets to be about (4/3)N.
Mass ratio and orbital period distribution of the BEER CoRoT sample
To discuss the mass ratio and period distribution of the sample of confirmed BEER binaries, we wish to plot an estimate 3.8 0.0 1.92 ± 0.47 0.38 ± 0.14 of the mass ratio of each system as a function of its orbital period. For SB2s this is straightforward, since the mass ratio
can be measured directly from the orbital parameters. For SB1s, however, the mass ratio depends not only on the orbital parameters, but also on the primary mass and orbital inclination, and can be found using the relation
where M 1 is the estimated mass of the primary, f is the mass function derived analytically from the orbital parameters, and i is the inclination.
To estimate M 1 of the confirmed binaries, we used the empiric relations given in Torres et al. (2010) , which express the stellar mass and radius in terms of its observed spectral parameters. As an input, we used the spectral parameters that were derived for the primary component of the confirmed SB1s and SB2s in Sect. 4. To estimate the mass uncertainties, we took equal uncertainties of 300 K in T eff , 0.4 dex in log g, and 0.3 dex in [m/H] to all primary stars. For most of the observed stars these uncertainties are larger than the scatter of the best spectral parameters between consecutive exposures (see for instance Fig.  4 ), but taking into account the possible systematic errors (e.g., Torres et al. 2012) , they are probably reasonable. The intrinsic scatter from the empiric relations (Torres et al. 2010 ) was added in quadrature to the mass uncertainties.
To assign an inclination for each SB1 we considered three options-to use the inclination estimated from its light curve by BEER, to derive its inclination distribution using the algorithm developed by , or to assume an isotropic inclination distribution. While using the BEERmodel sin i estimates could sound appealing, we decided not to use them because we do not know their actual uncertainties, including possible systematic biases. Deriving inclination distributions using the algorithm of would probably be the correct way to proceed, but it is beyond the scope of this paper. We therefore, somewhat arbitrarily, assigned a value of sin i = 0.866
−0.326 , taking the median of an isotropic inclination distribution and the confidence limits to cover the central 68.3% of the distribution (e.g., Ho & Turner 2011; Lopez & Jenkins 2012) . Raghavan et al. (2010) to the period distribution of stellar binaries, scaled to best fit the histogram. Right panel: mass-ratio histogram. Table 10 lists the spectral parameters, primary mass, and the assigned mass ratio of the confirmed BEER SB1s. Table 11 lists the primary spectral parameters, primary mass, and the estimated mass ratio of the confirmed BEER SB2s. For convenience, the order of Tables 10 and 11 is the same as of Tables 6 and 7 . We did not estimate the masses of the seven diluted BEER binaries since their spectral parameters might have been biased by the presence of the third star. Figure 11 shows the assigned mass ratio of the 45 confirmed SB1s and the estimated mass ratio of the 18 confirmed SB2s as a function of their orbital period. The period and the mass-ratio histograms are plotted as well. The solid red line in the period histogram shows the log-normal fit of Raghavan et al. (2010) to the period distribution of stellar binaries in the solar neighborhood, scaled to best fit the histogram.
One feature in Figure 11 is that for periods of > 1 day, there seems to be a transition from SB1s to SB2s at q ∼ 0.6. A similar transition was pointed out by Halbwachs et al. (2003) in their unbiased sample of solar-like spectroscopic binaries. In our sample this transition can be explained by the mass-luminosity relation of normal stars that is expected to be L ∼ M 4 (e.g., Torres et al. 2010; Cox 2000, p. 382) . Since the lowest significant α we could detect was ∼ 0.1 (see Table 5 ), we did not expect detached binaries with q 0.6 to be classified as SB2s. For periods of 1 day this transition is less evident, since at such short periods some of these binaries could experience mass transfer via Roche-lobe overflow (e.g., Eggleton 1983) , and the mass-luminosity relation deviates from that of isolated normal stars (e.g., Batten 1973, p. 154) .
The period histogram clearly shows a rise in the number of binaries per ∆logP from ∼ 0.3 to ∼ 6 days, followed by a sharp drop at periods of > 8 days. Since the detection probability of BEER binaries decreases with orbital period (see Fig. 7 ), this rise is probably real. In the past three decades, several studies reported a log-normal period distribution of solar-like binaries, with a peak at logP ∼ 5 (e.g., Duquennoy & Mayor 1991; Raghavan et al. 2010) , and Fig. 11 shows that our period histogram fits well the log-normal fit of Raghavan et al. (2010) out to P ∼ 8 days. The scaling factor between the two samples is 1.61, which means that for a bin size of ∆logP = 0.214, as we use here, we would obtain ∼ 74 binaries at the peak of the distribution at logP = 5.03. The histogram sharply drops at periods of > 8 days both because at such periods BEER approaches its sensitivity limit when applied to CoRoT long-run light curves and because the AAOmega observing run was limited to seven nights.
The mass-ratio distribution of short-period binaries was the subject of several in-depth studies in the last three decades (e.g., Halbwachs 1987; Duquennoy & Mayor 1991; Halbwachs et al. 2003; Goldberg et al. 2003; Fisher et al. 2005) . The main debates regarding the mass-ratio distribution of spectroscopic binaries are about the existence of peaks at q ∼ 1 and/or at q ∼ 0.2 and about the shape of the distribution toward lower q values-whether it is monotonically increasing, decreasing, or flat. It is therefore of interest to plot the distribution of the assigned mass ratios of our sample, as was done in Fig. 11 .
The histogram presents three features, which we describe from top to bottom. (1) A clear peak at q ∼ 1. (2) The number of binaries increases with decreasing q. (3) The histogram peaks at q ∼ 0.2 and then falls sharply towards q ∼ 0.1. However, correcting our sample for theÖpik (1924) effect might have significantly diminished the q ∼ 1 peak (e.g., Goldberg et al. 2003; Halbwachs et al. 2003) . In addition, at q < 0.6 our histogram is dominated by SB1s, and have already shown that using an average sin i value to all SB1s, like we did here, might produce a monotonically increasing q distribution when the actual true distribution is flat. Lastly, the drop toward q ∼ 0.1 can be explained both by BEER's sensitivity for CoRoT long-run light curves, which probably approaches its limit at such low mass-ratios, and by the limited RV precision of our AAOmega data. Therefore, before reaching any definite conclusion, our data need an in-depth analysis to derive a real mass-ratio distribution of the CoRoT BEER sample (Shahaf et al., in prep.) .
Summary
We have presented AAOmega RV confirmation of seventy new non-eclipsing short-period binaries found by BEER in CoRoT light curves. The confirmed binaries span a range of 0.3-10 days in orbital period, showing a clear rise in the number of binaries per ∆logP toward longer periods. Our spectral analysis shows that the primary stars in the detected binaries are typically of spectral type G or earlier, and the mass ratio (including the mass ratio assigned to SB1s) spans a range of 0.03-1. The mass-ratio histogram resembles a double-peak distribution (e.g., Halbwachs et al. 2003) , but since we did not correct our results, neither for some well-known selection effects (e.g.,Öpik 1924) nor for the non-isotropic inclination distribution (e.g., , the underlying true distribution might also be flat. Nevertheless, the orbital solutions presented here can be used in the future for an in-depth study of the mass-ratio distribution of short-period binaries, similar to the study presented by Goldberg, Mazeh, & Latham (2003) .
On the lower end of our detection capability, we have detected two BD candidates on a ∼ 1 day period orbit around F-G stars. We considered them as BD candidates and not bona fide BDs for two reasons: (1) the true inclination is not known, and (2) higher resolution and/or S/N spectroscopic observations might reveal a faint companion that could not have been found in the AAOmega spectra.
Relativistic beaming was already detected in CoRoT light curves (e.g., Mazeh & Faigler 2010) , but this is the first time that BEER detected non-eclipsing binaries in CoRoT light curves. To roughly estimate the expected number of such binaries that can potentially be detected with BEER in CoRoT long-run light curves we first need to correct for the 200 binaries that were selected for follow-up, but were not observed, taking into account their BEER priorities, and then for the total number of CoRoT long-run light curves (∼ 110, 000), assuming that shortperiod binaries do not have a preference for center or anticenter fields. Doing so, we estimate that observing all 481 selected candidates would have brought the number of confirmed binaries to ∼ 110, and that the expected number of beaming binaries that can be detected in CoRoT long-run light curves is ∼ 300. This confirms the prediction made by Zucker, Mazeh, & Alexander (2007) : CoRoT and Kepler will be capable of detecting hundreds of non-eclipsing beaming binaries.
Investigating BEER's false-alarm probability and nature in CoRoT long-run light curves, we showed that red giants introduce a major source of false candidates and demonstrated a way to improve BEER's performance in extracting higher fidelity samples from future searches. Understanding the dependence of the fidelity and completeness of such future samples on parameters such as period, spectral type, and BEER-model score might enable using these samples to derive some statistical properties of the short-period binary population, like the period distribution, even before RV follow-up is done. Merging wellcorrected large samples of CoRoT and Kepler beaming binaries with equivalent EB samples (e.g., Prša et al. 2011) might create large and well-defined samples of short-period binaries, which may shed some light on binary formation and evolution.
Radial-velocity follow-up observations of beaming and eclipsing binaries will continue to play a key role in these efforts because in most cases this is the only way to measure their mass ratio and the mass of the secondary companion. Scaling the AAOmega time that was required to make the detections reported here, we estimate that only three additional such runs would be required to detect virtually all beaming binaries that can be detected in CoRoT long-run light curves. This again demonstrates the efficiency of using multi-object spectrographs for this task (e.g., Zucker, Mazeh, & Alexander 2007) . One advantage of the beaming binaries over the EBs is the ability of detecting binaries not only at edge-on inclinations, which widens the window for detecting intrinsically rare systems such as BD and massive-planetary companions to main-sequence stars (e.g., Halbwachs et al. 2000; Faigler et al. 2013 ). Table  6 . Table 7 . Primary RVs are marked with circles and secondary RVs with triangles. Fig. 14. AAOmega RVs (black circles) and the best-fit Keplerian models (solid lines) of the variable components in the confirmed BEER diluted binaries listed in Table 8 . 
